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The effects of different daily temperature regimes and 
food availability on growth rates of Colorado squawfish 
(Ptychocheilus lucius) were determined using field and 
laboratory experiments. Daily temperature and food 
gradients were observed in river backwaters (important 
nursery habitat for juvenile Colorado squawfish). High 
fluctuating temperatures (± 5- s· C) were observed daily in 
the shallow, terminal ends of backwaters. Where backwaters 
were in contact with the river (mouth), daily temperature 
fluctuations decreased (± 2 · C). Food availability also 
varied spatially between the mouth and end of each 
iii 
backwater. To test whether Colorado squawfish growth rates 
varied in different areas of backwaters along these 
gradients, a series of cage experiments was performed. 
Cages were placed in each backwater at the end (high 
temperature fluctuation), middle (moderate temperature 
fluctuation), and mouth (low temperature fluctuation). 
Colorado squawfish growth rates were significantly higher 
near the mouth of the backwater where temperatures were more 
constant . 
In laboratory aquaria, Colorado squawfish growth rates 
were observed at three different temperature regimes, 
similar to those found in backwaters (±0", ±3", and ±7°C) 
As with field experiments, growth rates were high in the low 
fluctuating temperature treatment; however, they were not 
significantly different from the highly fluctuating 
temperature treatment. Behavioral observations of Colorado 
squawfish movement performed using a large (5 m x 1 m x 0 .5 
m) Plexiglas tank with a temperature regime similar to that 
found in backwaters suggested that Colo rado squawfish spent 
the majority of their time in the deeper part of the tank 
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Temperature and f ood are perhaps the two most important 
factors that influence growth rates of ectothermi c animals. 
If food is unlimited, growth rates of ectotherms increase 
with increasing temperatures to an optimum point o r range, 
then decline until the upper thermal limit is reached 
(Jobling, 1995; Thornton & Lessem, 1978). 
Food availability and the ability of an animal to 
obtain food also play an important role in the rate at which 
animals grow. The ability to obtain food may be limited by 
several factors such as prey density and distribution, the 
ability to catch prey, and the presence or absence of 
competitors and predators . Werner et al. (1983b) devel oped 
a model that predicted the time at which bluegill sunfish 
(Lepomis macrochirus Rafinesque) should switch habitats to 
maximize feeding rates. Werner et al. (19 83a) also argued 
that the timing of the switch could be regulated by the 
presence of a predator. Generally, the presence of a 
predator will delay the timing of the switch; then, the fish 
is faced with a trade-off of decreased growth for increased 
survival. These models are referred to as ~/g models , where 
~ is mortality and g is growth. An animal's ability to 
obtain food can constrain growth, reproduction, fitness , and 
ultimately survival. 
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When the optimum temperature for growth and the optimum 
site for feeding do not coincide, individuals are forced to 
make a decision on where and how to spend time. Real and 
Caraco (1986) demonstrated that animals will make decisions 
that minimize risk and maximize fitness. Consequently, if 
an animal does not have an adequate food supply under the 
most favorable thermal conditions, it will move to locations 
where food is more abundant, if available. Such a move may 
decrease growth rate due to less favorable temperatures, but 
increases the probability for survival from starvation, at 
least in the short run. 
Spigarelli, Thommes, and Prepejchal (1982) and 
Konstantinov and Zdanovich (1986) hypothesized that, if a 
species of fish evolves under a fluctuating temperature 
regime , its growth rate should be higher under fluctuating 
temperatures, because changes in the environment can change 
the biochemical system affecting the metabolism of the 
animal. 
The Colorado River and its tributaries are highly 
regulated by dams. Dams have lowered river temperatures 
which may depress growth rates of native fish (Black , 1982; 
Black Bulkley 1985a; Black & Bulkley 1985b; Coutant, 1987 ; 
Kaeding & Osmundson 1989). Dams have also facilitated the 
introduction of several non-native species that compete with 
or prey on native species (Tyus et al., 1982; Moyle, Li, & 
Barton, 1986; Minckley, 1991; Muth & Snyder 1995). Flows 
have also been altered by dams by lowering the peaks and 
raising the troughs (Miller et al., 1982), thus reducing the 
natural variability of the flows. Alteration of flows 
affects the river's ability to build and maintain sand bars 
that provide backwaters, important habitat for native fish. 
The factors listed above are believed to have led to the 
decline of several native species, four of which are now 
listed as endangered under the Endangered Species Act. 
In this study, we examined important habitat variables 
that may affect populations of the endangered Colorado 
squawfish (Ptychocheilus lucius Garard), a species endemic 
to the Colorado River drainage (U.S. Fish and Wildlife 
Service, 1990) The specific objectives were to examine 
growth rates of Colorado squawfish under different 
temperature and food regimes and at different areas in 
backwaters in the Green River. 
In 1993, the following field observations were made: 1) 
daily temperature fluctuations were highest in the shallow 
end of backwaters (15"C) and lowest (6"C) at the mouth where 
backwaters were deeper and in contact with the river (Fig. 
1a); 2) food densities, mainly chironomid larvae 
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Fig . 1 1993 trends of temperature fluctuation , food 
availability, Colorado squawfish distribution , and the 
distribution of non-native predators and competitors 
from backwaters on the Ouray Wildlife Refuge. 
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backwater and decreased toward the end (Fig. lb); 3) 
Colo rado squawfish densities were higher near the end of the 
backwater (Fig. lc). I hypothesized that Colorado squawfish 
were faced with a trade-off because the optimum sites for 
food might not coincide with the optimum temperature for 
growth. 
The purpose of this study was to determine which 
factors limit growth of young-of-the-year (YOY) Colorado 
squawfish in backwater habitats. Due to competition with 
high densities of non-native fish, Colorado squawfish may be 
food-limited in some or all areas of their habitat. Also, 
p redators might be forcing Colorado squawfish to spend their 
time in areas of backwaters where temperature regimes were 
not optimal for growth. I evaluated these hypotheses by 
conducting several experiments, in both the laboratory and 
field, by measuring growth rates under different temperature 
regimes and food levels. 
BACKGROUND AND LITERATURE SURVEY 
Temperature and food effects 
on fish growth 
For ectotherms, temperature affects rates of 
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metabolism, oxygen consumption , digestion , and growth 
(Coutant, 1987; Schmidt-Nielsen, 1990). Temperature effects 
on growth have been widely studied in both endothermic and 
ectothermic animals. Before growth can occur, all metabolic 
costs (e.g. specific dynamic action) must first be met. 
Temperature plays a major role in digestion, since enzymatic 
reaction rates increase with temperature (Schmidt - Nielsen, 
1990). At extreme high and low temperatures , the enzyme 
reaction rate is dramatically reduced (Thornton Less em, 
1978). Ectotherms may regulate body temperature behaviorally 
rather than physiologically, resulting in body temperatures 
that remain within a few degrees of their environment 
(Christian , 1986; Schmidt - Nie lsen , 1990) . Consumption, the 
digestion rate , and therefore growth rate are all determined 
by the thermal experience of a fish. Orcutt and Porter 
(1983) and Stich and Lampert (1984) have shown that growth 
of Daphnia species is highest under constant, warm 
temperatures. Daphnia, however, often undergo vertical 
migrations , mak i ng them subject to temperature fluctuations 
that are not metabolically advantageous (Dawidowicz & Loose, 
1992). Presumably, vertical migration is for predator 
avoidance but may also be metabolically beneficial to some 
fish (Biette & Geen, 1980; Diana, 1984; Wurtsbaugh 
Neverman, 1988; Berg et al., 1990; Bevelhimer & Adams , 
1993) 0 
Co)orado River system 
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The Colorado River drains parts of seven western 
states: Wyoming , Colorado, Utah, New Mexico, Nevada, 
Arizona, and California. The Upper Basin was divided into 
the Grand, Green, and San Juan subbasins by Iorns et al. 
(1965) . My study was conducted in the Green River subbasin , 
near the confluence of the White and Duchesne Rivers. 
The central problem facing biologists working in the 
Colorado River system is declining native fish densities, 
and they believe dams are a major concern. The impoundments 
behind these dams have changed the chemical, biotic, and 
physical characteristics of the river . Reservoirs trap 
sediment behind dams and alter sediment transport downstream 
(Andrews, 1991). Lack of sediment transport has been 
suggested as a cause for reduction of suitable nursery 
habitat downstream. Dams also regulate river flows by 
reducing the peaks of discharge (Miller et al., 1982) and 
raising the troughs. Hydroelectric power demands, however, 
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cause highly fluctuating daily flows. Dams release cold 
hypolimnetic water that may limit growth (Black, 1982; Black 
& Bulkley, 1985a; Black & Bulkley, 1985b; Kaeding & 
Osmundson, 1989) and survival (Marsh , 1985; Berry, 1988) of 
native fish in the river. 
Prior to dam construction on the Colorado River, non-
native fish were introduced by early settlers for food and 
sport (Minckley , 1991). The dams have added stability to 
what was an historically highly fluctuating system, thus 
allowing non-native fish species to increase their numbers 
and distribution. After the dams were completed, the 
reservoirs and tailwaters were stocked with sport fish for 
anglers. Later, forage fish were introduced to supplement 
sport fish diets. There were also accidental introductions 
from angler bait buckets. Introduced fish quickly spread, 
so that non-native fish now dominate the Colorado River 
(Tyus et al., 1982). Before the introductions, there were 
32 native species , 16 of which were endemic to the Colorado 
River Basin (Minckley, 1991). Since the introductions, 
there are 42 non-native and 13 native species in the upper 
basin alone (Tyus et al., 1982). New competitors and 
predators have probably contributed to the decline of many 
native species. Minckley (1991) suggested that 
introductions of non- native fishes have impacted native fish 
populations more than dams have, and that non-natives must 
be controlled to conserve native populatYons. 
Colorado Squawfish biology 
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The Colorado squawfish is endemic to the Colorado River 
Basin. It is the largest cyprinid in North America, once 
attaining lengths of 1.5-2.0 m and weights of 34-45 kg 
(Holden & Wick, 1982; Behnke & Benson, 1983). Prior to 
human intervention , Colorado squawfish were the only 
piscivore in the Colorado River Basin. Historically, 
Colorado squawfish were found throughout the Colorado River 
Basin, but their distribution is currently limited to the 
Upper Colorado River Basin (Archer, Kaeding, & Burdick, 
1989). They are considered extinct in the Lower Basin. The 
highest densities appear to be in the Green River and its 
tributaries (Holden & Wick, 1 982). 
Colorado squawfish are potamodromous fish that make 
extensive migrations to their gravel spawning beds (Tyus , 
1985; Archer et al., 1989; Tyus, 1990). Spawning may now be 
limited to two areas: one in the lower Yampa River and 
another in Desolation-Gray canyons on the main stem of the 
Green River (Tyus, 1990). Both areas are located in steep 
canyon areas where dams are generally placed. Two suspected 
spawning sites on the Colorado River are near Black Rocks 
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and Grand Junction, Colorado (U.S . Fish and Wildlife 
Service , 1990) . It is unknown how many spawning areas may 
have been inundated by reservoirs or entrained in cold 
tailwater reaches. Dams are also barriers to Colorado 
squawfish migrations. Loss of habitat due to the reservoirs 
is considered a major factor in the decline of Colorado 
squawfish populations (Jacobson , 1982; Tyus, 1991). 
Spawning is cued by decreasing spring flows and 
increasing summer temperatures (Tyus & McAda, 1984; Haynes, 
Muth, & Nesler, 1985; Tyus & Karp, 1989). Colorado 
squawfish spawn when temperatures reach 20· to 22 " C (Toney, 
1974; Hamman, 1982; Kaeding & Osmundson, 1988). Eggs hatch 
and larvae emerge from the gravel after 3-6 days, and start 
to drift downstream until they reach unconstrained, slower-
moving water (Haynes et al., 1984; Tyus & Haines, 1991). 
When larval Colorado squawfish reach slower waters, 
they search out areas of little or no flow (nursery habitat) 
(McAda & Kaeding, 1989; McAda & Tyus, 1984). These areas 
are often embayments between sandbars and the riverbanks, 
ca lled backwaters (Fig. 2) . Backwaters provide a habitat 
that minimizes the energy required to maintain position in 
the current , resulting in more energy available for growth. 
Holden (1977) , Haynes et al. (1984) , and McAda and Tyus 
(1984) reported that (YOY) Colorado squawfish are most often 
Fiq . 2 Schematic representing a typical backwater on the 
Green River and the locations of sampling and experimental 
sites . 
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found in water 0.06 to 0.3 m deep with flow velocities of 
0.0 to 0 . 3 m/s. Backwaters may also provide Colorado 
squawfish with a better thermal environment and higher 
densities of prey (Black, 1982; Black & Bulkley, 1985a; 
Kaeding & Osmundson, 1988 ; Wolz & Shiozawa, 1995). 
Temperature is very important for the survival of 
yearling Colorado squawfish, with highest growth rates 
occurring near 25" C (Black & Bulkley, 1985b ; Bestgen, 
12 
1995). Growth rates for larval Colorado squawfish (<42 days 
old) are highest at 26. C at all but the lowest test f ood 
rations (Bestgen, 1995). Bestgen (1995) predicted the 
gro wth rate would be maximized at 31 " C at a higher ratio n 
than experienced in his experiments . Dams upstream of 
spawning and nursery areas can reduce growth (both growth 
rates and absolute growth) of fish due to cold hypolimnetic 
water release. Smaller body size has been suggested as a 
cause for reduced survival of Colorado squawfish through the 
winter (Osmundson, 1987; Kaeding & Osmundson , 1988 ; Thompson 
et al. , 1991). Thompson et al. (1991) reported that, in 
laboratory experiments simulating winter conditions (3-5 . C 
for 210 days), Colo rado squawfish averaging 44 mm had 10 0 % 
survival whether they were fed during the experiment or not . 
In contrast, the respective survival of Colorado squawfish 
averaging 30 and 36 mm declined from 95% and 98 % (for those 
that were fed) to 3 .3 % and 6.7 % (fo r those that were not 
fed) . 
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Black and Bulkley (1985a) found that yearling Colorado 
squawfish in laboratory experiments preferred temperatures 
of 25 ' C. In the summer of 1993, backwaters and isolated 
pools in the Ouray Wildlife Refuge were the only areas where 
the preferred temperature was reached (personal 
observations). Researchers have shown that yearling and 
larval Colorado squawfish growth rate is maximized at 25 - 26 ' 
C (Bulkley et al., 1981; Black, 1982; Black & Bulkley, 
1985b; Bestgen, 1995). Growth of yearling Colorado 
squawfish stops below 13 ' C (Kaeding & Osmundson , 1988) and 
above 30 ' C (Black , 1982). Bestgen (1995) reported that 
growth rates for larval Colorado squawfish reared at 
constant and fluctuating (±2.5 ' C) temperature regimes were 
not different. However , to our knowledge, there are no 
studies to test growth rates under the different temperature 
fluctuation regimes found in backwaters. Preliminary data 
co llected during the summer of 1993 revealed that main 
channel temperatures vary daily by about 4' C. Daily 
temperatures can vary 15 ' - 16' C in shallower portions of 
backwaters . Temperature fluctuations are a lso a function of 
distance from the mouth of the backwater and the amount of 
recirculation of water from the main channel. Highest 
temperature fluctuation occurred at the end of the 
backwater. 
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Spigarelli et al. (1982) and Konstantinov and Zdanovich 
(1986) hypothesized that, if a species of fish evolves under 
a fluctuating temperature regime, its growth rate should be 
higher under fluctuating temperatures, because changes in 
the environment can change the biochemical system affecting 
the metabolism of the animal . Colorado squawfish evolved in 
a system of highly fluctuating temperature and flows (Tyus 
Karp, 1989) . Consequently, we believe that examining this 
relationship is important to understanding Colorado 
squawfish ecology. 
Colorado squawfish undergo dramatic ontogenetic diet 
shifts during the first few months of growth. They begin by 
eating zooplankton and aquatic insect larvae, then switch to 
mostly benthic invertebrates at 28 mm; at 35- 40 mm, they 
begin eating fish (Vanicek, 1967; McAda & Tyus, 1984; Muth 
Snyder , 1995; personal observation). Red shiners 
(Cyprinella lutrensis Baird and Girard) are the dominant 
fish species found in Colorado squawfish stomachs (Muth & 
Snyder, 1995; personal observation) . It should be noted 
that red shiners were not available to Colorado squawfish 
historically . In fact, small fish prey may not have been 
available to YOY Colorado squawfish ever before, because 
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most native fishes spawned earlier and would have been 
invulnerable to predation by YOY squawfish. I suggest that 
prior to the introduction of non- native species , Colorado 
squawfish may have been limited to eating aquatic 
invertebrates or to cannibalism their first year. 
Having an adequate food supply in areas where favorable 
temperature ranges occur is critical to obtaining adequate 
growth. I was interested in determining the temperature 
regime under which Colorado squawfish growth rate was 
highest and whether or not the highest growth occurred in 
areas of backwaters with the same temperature regime. 
also compared food availability in those areas to determine 
whether food was limiting to Colorado squawfish . Food 
availability could be linked to several factors, including 
substrate, temperature, nutrient supply , and/or competition 
with other fish species. Red shiners, fathead minnows 
(Pimephales promelas Rafinesque), channel catfish (Ictalurus 
punctatus Rafinesque), and green sunfish (Lepomis cyanellus 
Rafinesque ) have been implicated as potential competitors 
with Colorado squawfish (Holden , 1977; McAda & Tyus, 1984; 
McAda & Kaeding, 1989). 
If optimum temperatures and food resources do not 
coincide, Colorado squawfish will be faced with a trade-off. 
For example, if the optimum temperature regime is at the end 
16 
of the backwater, but the highest food densities are at the 
mouth of the backwater, Colorado squawfish will have to 
allocate time among these patches to maximize growth . If 
metabolic costs are low enough and energetic rewards high 
enough , Colorado squawfish may migrate between the two 
patches. However, this behavior should only be seen if the 
overall net gain is higher than if they stayed exclusively 
at either patch. Larval sculpin (Cottus extensus Bailey & 
Bond) in Bear Lake , Utah-Idaho have been observed migrating 
between their food source in colder hypolimnetic water and 
warmer metalimnetic water to enhance digestion and 
ultimately growth (Wurtsbaugh & Neverman , 1988). 
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STUDY SITES 
Field experiments and sampling occurred along a section 
of the Green River that runs through the Ouray National 
Wildlife Refuge (ONWR) upstream of the confluence of the 
Duchesne and White Rivers. Ouray National Wildlife Refuge 
is located on the Green River at river kilometer (RK) 370-
402 (RK 0 is at the confluence of the Colorado and Green 
Rivers) in a section of low gradient river that runs through 
a wide floodplain. The area is depositional, with large 
amounts of fine sediments. In these depositional areas, the 
density of backwater habitats is typically high . These 





Field studies were conducted during the summers of 1993 
and 1994. In 1993, two backwaters on ONWR were chosen for 
sampling and experiments. Backwaters were selected to 
maximize similarities between each other (i .e., depth, 
length, and orientation to the river). Backwaters were 
selected to be at least 0.3 m deep and 6 m wide. Cages for 
growth experiments were placed in two of these. In 1994, 
three backwaters were sampled for temperature fluctuations. 
Two of these backwaters were sampled for invertebrates and 
one was used for cage growth experiments. Two locations in 
the main channel were also sampled for f ood availability and 
temperature profiles. 
Colorado squawfish distributions within backwaters. 
Backwaters were sampled with beach seines from September 15 
to October 7, 1993 to monitor the change in density of 
squawfish and other species over time. Seining to monitor 
changes in densities began after it was observed that the 
majority of Colorado squawfish collected for predation 
experiments (C rowl, unpublished data) were caught in the end 
of backwaters. This seining effort began 1.5 months after 
Colorado squawfish were first captured on the ONWR. In 
19 
1993, Colorado squawfish densities were estimated by seining 
three backwater areas: the mouth (at the river confluence), 
the middle, and the terminal end (Fig. 2). In 1993, seines 
were pulled across the backwaters, perpendicular to the 
shoreline. Depths and widths were measured along transects 
every 10 m along the length of the backwater, to allow 
squawfish densities to be calculated on a cubic meter basis. 
Depths were measured every meter along each transect, from 
which the average depth of the seine haul was calculated. 
The average water depths for the seine hauls at the end, 
middle, and mouth of the backwater were 0.20, 0.39, and 0.55 
m, respectively. Each haul var ~ ed in length according to 
the width of the backwater. The average width at each 
location (mouth, middle, and end) was 10 , 15, and 28 m. 
Each haul varied in length according to the width of the 
backwater. The seine was 1.5 m x 5 m (effective sampling 
width of 4 m) with 1.5 mm Ace-mesh net. Sampling in 1994 
was conducted from September 1 to September 20. In 1994, 
seines were pulled in 10-m hauls parallel to and along the 
backwater shore, to sample similar types of habitat at all 
three locations. Seining occurred between 1000 and 1600 
hours. After each seine haul, Colorado squawfish were 
counted and released. 
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Seining was conducted to obtain information about 
Colorado squawfish movement, location, and densities. Due 
to the late seasonal start in collecting the data in 1993, 
we obtained little information regarding these objectives. 
In 1994, extensive seining provided limited information for 
migrations, densities, and diets due to low numbers of 
Colorado squawfish that year. Night sampling to identify 
diurnal migrations was not successful for the same reasons. 
Any Colorado squawfish accidentally killed during 
sampling were preserved in 70 % ethyl alcohol. Stomach 
contents of these fish were examined to determine diet. In 
1993, 25 Colorado squawfish were examined for stomach 
contents and were separated into three size classes: 20-29 
mm (n=12), 30-39 mm (n=9), and 40+ mm (n=4). 
Temperature profiles within backwaters. Temperature 
was monitored at different areas in backwaters to determine 
if temperature was an important determinant of Colorado 
squawfish distribution. In 1993, maximum- minimum 
thermometers recorded temperatures midway in the water 
column at the mouth, midpoint, and end (Fig. 2) of two 
backwaters. Thermometers were usually read and reset daily 
in the late morning. In 1994, temperature data recorders 
were used to record temperatures at the same three 
locations, in three backwaters. Temperatures were recorded 
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every 36 minutes for 45 days, to determine the average, 
maximum, and minimum daily temperatures at each location. 
Temperature recorders were suspended 0.1 to 0.2 m above the 
substrate. 
Food availability within backwaters. To determine if 
Colorado squawfish distributions were correlated with food 
availability, invertebrate densities were monitored within 
backwaters. Invertebrate abundance was estimated by taking 
benthic and pelagic samples in each of the three areas of 
the backwater coinciding with temperature measurements. The 
benthic substrate was sampled with a core sampler 100 mm in 
diameter that sampled an area of 7850 mm2 (Gale , 1971; Wolz 
& Shiozawa , 1995). Two samples per site were sieved through 
a 250-~m sieve and preserved in 70 % ethyl alcohol. Two 
pelagic samples per site were taken by lowering a 100-mm 
diameter PVC pipe (4.2-1) into the water and sealing off 
both ends (similar to a Kemmerer bottle). The sample was 
then poured through a 130-~m zooplankton net. In most 
cases, the entire water column was effectively sampled. 
Pelagic samples were also preserved in 70 % ethyl alcohol. 
All samples were analyzed in the laboratory. Zooplankton 
were identified to genus, whereas insects were identified to 
the family level. Sampling occurred weekly in 1993, 
starting September 17 and ending October 6. In 1994, 
sampling occurred bi-weekly from August 19 to September 27 
when the field experiments ended. 
Field cage experiments 
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Temperature effects on growth rates within backwaters. 
Cage experiments, designed to test whether longitudinal food 
and temperature gradients affected growth rates of Colorado 
squawfish , were conducted in the summers of 19 93 and 1994. 
Field experiments were conducted in the summer and fall of 
1993 and summer 1994, using 1 x 1m and 1.5 x 1.5 m cages, 
respectively. The cages were constructed using a PVC frame 
surrounded by 1.5-mm mesh netting, small enough to keep 
Colorado squawfish in while allowing free passage of small 
aquatic insects and zooplankton. Cage mesh was brushed 
every other day to prevent periphyton build- up. 
Colorado squawfish used in these studies ranged in size 
from 15 to 60 mm TL (1 to 8 months old) . Smaller and 
younger fish were used in the field experiments and larger, 
older fish in the laboratory experiments . The Colorado 
squawfish were wild , presumably progeny from adults spawning 
in the Yampa River, a major tributary to the Green River. 
The Yampa River spawning grounds are approximately 298 km 
upstream of the study site. Colorado squawfish used in the 
experiments were collected by seining. 
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In 1993, the experiment ran from September 24 to 
November 6. Food was not regulated during this experiment. 
Five Colorado squawfish were captured in nearby backwaters 
and stocked into each cage after being weighed to the 
nearest 0.01 g wet weight and measured to the nearest 0.5 mm 
fork length (FL) and total length (TL). The cages were 
placed at three different locations in the backwater (mouth, 
midpoint, and end), with two cages at each location for a 
total of six cages. I called this backwater "Porcupine 
Backwater. 8 On October 9, Colorado squawfish were weighed, 
measured, and returned to their cages . At the end of the 
experiment, the fish were again weighed and measured. 
Instantaneous growth rates for the Colorado squawfish 
were calculated for all experiments using the formula: 
G = {log. (Wc;W0 )] I t 
where G is instantaneous growth rate, We is the weight at 
the end of the experiment, W0 is the weight at the beginning 
of the experiment, and t is the length of the experiment in 
days . Instantaneous growth rates were used to standardize 
the growth of different sizes of fish used in the various 
experiments, to minimize within-treatment variances for 
comparisons. 
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Testing for a food and temperature trade-off within 
backwaters. To investigate the possibility that Colorado 
squawfish faced a trade-off between optimum temperatures and 
abundant food, a second cage experiment was done from August 
12 to September 27, 1994. Four cages each were placed at 
the mouth, midpoint, and end of a large backwater that 
called "Corner Backwater." The experiment was a 2 x 2 
factorial design, with the three locations representing 
temperature treatments and with two food treatments. Food 
was added to two cages at each location and was ambient in 
the other two cages. 
To test whether temperature affected growth rate, 
supplemental chironomid larvae (a major diet component; Muth 
& Snyder, 1995; personal observation ) were added daily to 
two of the four cages at each site in the backwater. 
Chironomid larvae were obtained from sites near the 
experimental backwater. Ambient food conditions were 
monitored using a core sampler as described above. By 
augmenting and standardizing food availability , we were able 
to iso l ate the effects of food supply and different 
fluctuating temperature regimes (high , medium, and low) on 
observed growth rates . 
To test the hypothesis that food was limiting, two 
cages were left untreated under ambient food levels in each 
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area of the backwater. The cages were moved twice a week 
within the same general location to maintain ambient 
conditions within the cages. Because higher fish densities 
outside the cages could have decreased prey densities, the 
cages were moved to ensure that Colorado squawfish 
experienced the possibly depleted conditions. I compared 
growth rates between food addition treatments (see above) 
and food controls in each area of the backwater, while 
maintaining exposure to ambient temperature conditions. 
also attempted to compare Colorado squawfish growth rates 
from both treatments to free-roaming fish in the backwater. 
However, we were unable to capture any Colorado squawfish in 
the experimental backwater, and captured very few in the 
ONWR area, precluding measurements on wild fish. 
Colorado squawfish for this experiment were captured by 
seining backwaters in a 10-mile reach within the boundaries 
of the ONWR. Colorado squawfish were weighed to the nearest 
0.01 g wet weight and measured to the nearest 0.5 mm TL 
before placement into cages. Handling time was minimized 
and tricaine methanesulfonate (MS-222) was used to reduce 
stress on the fish. Ten Colorado squawfish averaging 15 mm 
TL were stocked into each cage. This density approximated 
natural Colorado squawfish densities observed in backwaters 
sampled in 1993, but considerably exceeded natural densities 
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observed in 1994. Colorado squawfish densities in the cages 
were considerably lower than the densities of all fish 
species combined, in the backwaters. 
Colorado squawfish were weighed and measured as above 
approximately every 28 days. Final measurements were taken 
on September 27, at which time a hole in one of the cages 
was discovered. As a result, all the fish in that cage had 
escaped, eliminating the only replicate. Therefore, only 
the data gathered from August 12 to September 9 were used. 
Temperature data recorders were used to measure the 
temperature at each set of cages in the backwater midway in 
the water column. Data obtained by temperature recorders 
were used to determine the average , maximum, and minimum 
temperatures at each location. Total degree day 
accumulation was also calculated. 
Laboratory experiments 
All laboratory experiments were conducted at the Utah 
Water Research Laboratory, Utah State University, Logan, 
Utah. Growth experiments were conducted in aquaria isolated 
from the rest of the laboratory by a black plastic curtain. 
Behavioral experiments were also conducted in the laboratory 
in a Plexiglas® tank. Colorado squawfish were held in 1.89-
m' tanks at ambient light conditions prior to experiments. 
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Water was supplied from the Logan Rive r and temperatures in 
the tank were regulated by submersible heaters. The fish 
were fed a commercial feed 3-4 times a week. 
Fluctuating temperature effects on growth rate. A 
laboratory experiment was conducted to determine if growth 
rates varied under different fluctuating temperature 
regimes. This experiment ran from January 18-February 15, 
1994 . Nine 76-1 aquaria were used to compare the effects of 
different temperature fluctuation regimes on Colorado 
squawfish growth under simulated summertime conditions. 
Colorado squawfish were fed excess amounts of a commercial 
food (Black & Bulkley, 1985b) daily at 0600 hr, 1300 hr, and 
1800 hr. Aquaria were cleaned every 2-4 days as needed to 
remove excess food. The photoperiod was set at 14 hours of 
light and 10 hours of dark. 
Prior to the experiment, all Colorado squawfish were 
held in a common tank at room temperature (about 12° C) . 
One week prior to the experiment, Colorado squawfish were 
moved into two 76-1 aquaria and temperatures were slowly 
increased (-1 ° C/day) to the daily mean temperature of 22 ° 
C. Fish were acclimated to the photoperiod for 1 week prior 
to the beginning of the experiment. Lighting, turned on at 
0600 hr and off at 2000 hr, was supplied by one Grow-lite 
fluorescent bulb, and one regular fluorescent bulb, 
distributing the same intensity to each tank. 
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Temperatures were varied to imitate those observed in 
different backwater locations. Each tank had a mean daily 
temperature of 22 ± 1° C. Treatments included a daily 
fluctuation of ± 0° C,± 3° C, or ± 7 ° C, with three 
replicates per treatment. The highest fluctuation 
represented the largest amount of daily variation measured 
in Porcupine Backwater. Tanks were randomly assigned to 
each temperature treatment. Temperature was raised with 
aquarium heaters and lowered with cold water dripped into 
the tanks . Temperatures were monitored by placing HOBOrn 
recorders in each tank, programmed as described above. 
Temperatures were monitored and adjusted daily at 1 300 hr to 
ensure proper daily fluctuation. Data from temperature data 
recorders were used to calculate degree days, average 
temperatures, and daily fluctuations. 
Ten Colorado squawfish were weighed (wet weight) to the 
nearest 0.01 g, measured to the nearest 0.5 mm TL, and 
randomly placed into each of the nine tanks. MS-222 was 
used to minimize handling time and stress on the fish. The 
mean length and weight of the Colorado squawfish was 40.6 
(SD=5.4) mm TL and 0.48 (SD=O .l7 ) g , respectively. At the 
29 
end of the experiment, Colorado squawfish were removed from 
the tanks and weighed and measured as above. 
Temperature preference experiment. To determine 
whether Colorado squawfish would migrate as temperatures 
fluctuated under laboratory conditions , a 4.9 x 1 x 0 . 5 m 
tank was constructed to replicate a backwater. The tank was 
constructed from 1.3-cm Plexiglas®. The stand was designed 
so that one end of the tank could be lowered 0.5 m. Thus, 
when the tank was filled, the water depth at one end would 
be 0.5 m deep and slope up to 0 m, imitating conditions 
found in a backwater. Temperatures were controlled to mimic 
those found in backwaters using eighteen 250-watt aquarium 
heaters placed on the bottom of the tank at the ends and the 
middle of the tank. At night, selected heaters were turned 
off and cold ambient temperatures dropped the water 
temperatures at the shallow end, while the heaters remained 
on in the deep end to maintain a more constant temperature. 
The tank was sectioned into three equal areas , which 
represented the mouth, middle, and end of a backwater . 
Temperature fluctuations matched those observed in natural 
backwaters with low, moderate, and high levels of 
fluctuation . Twelve temperature data recorders were evenly 
spaced, on the bottom, along the length of the tank to 
monitor water temperatures. The average, maximum, and 
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minimum temperatures were calculated by averaging the data 
from the temperature data recorders that were located in the 
three areas. 
This experiment ran from December 1994 to March 1995 
using YOY Colorado squawfish collected from the Green River. 
Colorado squawfish used in this experiment averaged 46 mm TL 
and ranged from 36 to 62 mm TL. One month prior to the 
experiment, Colorado squawfish were acclimated to a 
fluctuating temperature regime similar to that found in 
backwaters, a summertime photoperiod, and red lights at 
night . The fish were acclimated to diel temperature 
fluctuations with a mean of 22· C ± 7" C. The photoperiod 
was set at 14 hours of light and 10 hours of dark . Lighting 
was turned on at 0600 hr and turned off at 2000 hr. Since 
observations were conducted over a 24-hour period, red 
lights were used to aid nighttime observations. A black 
plastic curtain surrounded the tank and a platform was built 
so that the fish could be observed from above without 
disturbance. 
To begin each experimental run, five fish were randomly 
chosen from the acclimation tank and placed in the 
experimental tank. The fish were allowed to acclimate to 
the tank for a 24-hour period before observations began. 
Experiments began at 1200 hr and ended at 0930 hr the next 
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day. Colorado squawfish were observed for one-half hour 
every 3 hours. The position of each fish was recorded every 
5 minutes for the half hour observation period. After each 
run, the fish were removed and held in a new acclimation 
tank with similar acclimation temperature and photoperiod. 
The Colorado squawfish were held in the new acclimation tank 
for 7-2 8 days until they were used in the next set of 
experiments. 
During the first trial, water temperatures in the 
experimental tank were kept at a constant temperature of 22 " 
C (the mean of the fluctuating temperature). The purpose of 
this treatment was t o determine if Colorado squawfish 
preferred different habitats (deep vs. shallow water) or if 
they would randomly distribute themselves within the tank. 
The second trial was conducted with the fluctuating 
temperature regime. This trial was designed to determine if 
Colorado squawfish would select a preferred temperature and 
migrate acco r dingly as the temperature changed. Possible 
alternative behaviors included selection of a location with 
fluctuating temperature regime , or random movement 
independent of temperature. 
Chi - square analysis was used to determine whether 
Colorado squawfish were randomly distributed throughout the 
tank (if random , I would expect one third of the 
observations in each of the three cells). If the 
observations were not randomly distributed, I used chi-
square analysis of contingency tables (R x C test) to test 
whether their distribution changed due to the treatment. 
also used R x C tests to determine whether distribution 
changed between day and night. 
Statistical analyses 
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All analyses except chi-square and R x C tests were 
performed using the SAS statistical program (SAS Institute, 
1988). Chi-square analysis and contingency tables were 
calculated and developed according to Zar (1984). All data 
were analyzed without transformation, due to conformity to 
the normal distribution. 
Colorado squawfish distributions, invertebrate 
densities, and growth rates were all analyzed using ANOVA. 
To examine the difference in invertebrate densities within 
and between backwaters, I blocked by backwater. A two-way 
ANOVA was used to analyze the 1994 field data in the trade-
off experiment. To distinguish differences between means in 
the ANOVA analyses, post-hoc Ryan-Einot-Gabriel-Welsch 
(REGWQ) multiple range tests were performed. Normality of 
data was also tested to determine if transformations were 
needed . Due to the low number of replicates and small 





Colorado squawfish distributions within backwaters. 
Seining efforts provided limited information concerning 
distribution, densities, and possible migrations of Colorado 
squawfish. In 1993, densities were significantly higher in 
the ends of the backwaters during the first sampling period 
(September 15-16; F=3.83; d.f. 2,15; P=0.045) (Table 1, see 
Appendix Table 4). In contrast, there was no statistical 
difference in Colorado squawfish densities between the three 
locations during the second sampling period (September 20-
22), although the mean densities in the end were again 
higher (F=l.36; d.f. 2,12; P=0.29) (see Appendix Table 4). 
By October 6-7, Colorado squawfish density was significantly 
higher at mouths of the backwaters and perhaps into the main 
channel (F=29.61; d.f. 2,9; P=0.0001) (Table 1, see Appendix 
Table 4). 
In 1994, 82% of the seine hauls did not catch Colorado 
squawfish. was only able to catch 62 Colorado squawfish 
in 70 seining attempts from September 1-20. Of the Colorado 
squawfish captured during this period, 69.4% were caught in 
the end of backwaters, 14.5% were caught in the middle, and 
16.1% were caught near the mouth of the backwaters, with the 
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Table 1 Mean (SE) Colorado squawfish densities (fi sh/m3 ) 
observed in two backwaters from September 15 through October 
7, 1993 during three sampling periods . The overall density 
for the backwaters is also represented . 
Backwater September September October 
location 15-16 20 - 22 6- 7 
End 0 . 53 (0. 44) 0.19 (0. 25) 0 . 00 (0 . 00) 
Middle 0 . 10 (0 .11 ) 0.09 ( 0.12) 0.00 ( 0. 00) 
Mouth 0.19 ( 0 .15) 0.05 (0.02) 0.15 (0. 05) 
Overall mean 0 . 28 (0. 32) 0.10 (0 .14) 0.05 ( 0. 07) 
same seining effort in each area. Statistical analyses were 
not performed because of the extremely truncated 
distribution. Similarly, while attempting to catch Colorado 
squawfish for growth experiments in 1994, 83% were caught in 
the ends of the backwaters, 11 % were caught in the middle, 
and 4% were caught near the mouth, despite similar amounts 
of sampling effort in each location (n=175). Overall, 
during this 2 - year study, most of the Colorado squawfish 
were captured in the ends of the backwaters (Fig . 3). 
Diets of Colorado squawfish shifted from eating 
primarily zooplankton and insects when 20-29 mm TL, to 40% 
fish prey when 30-39 mm TL, to 100 % fish prey (probably red 
shiners) when TL ~ 4 0 mm (Fig. 4). Because N was low, 
especially for the larger size- class , caution should be used 
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Fig. 3 The percent of Colorado squawfish captured at the 
mouth, middle, and end of backwaters during different 
sampling periods. September 15-0ctober 7 are the Colorado 
squawfish captured during the density sampling in 1993 
(n=154) (Table 1). The "93 combined" represents the fish 
captured in backwaters while collecting fish for 
experimental use along with those captured between 
September 15-0ctober 7 (n=767). August 6-20, 1994 
represents Colorado squawfish captured while colleting 
fish for growth experiments (n=175). September 1-21, 1994 
represents Colorado squawfish captured during density and 
movement monitoring (n=62). "All Captures 93-94 11 are all 
the recorded captures during this 2-year study (n=1004). 
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Fiq. 4 Mean percentage of food items found in the 
stomachs of YOY Colorado squawfish of different size 
classes from September 1-26, 1993 on the Ouray National 
Wildlife Refuge. 
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Table 2 High, low, and average temperatures (c) taken from 
backwaters in 1993 and 1994. In 1993 , temperatures were 
recorded from September 2-25 in backwater 1 and September 
20-26 in backwater 2. In 1994, temperatures were recorded 
from August 22 to September 25 . 
Backwater Main channel Mouth Middle End 
Min Max Avg Min Max Avg Min Max Avg Min Max Avg 
1993-1 1 15.6 25.3 17.9 15.4 19.9 17.6 14.9 23.2 18.8 14.3 26.7 20.1 
1993-2 14 .8 18.5 16.7 14 . 3 19.5 16. 9 14.2 21. 6 17.9 10 .5 21.7 15.3 
1994-1 1 19.1 22.7 20.7 18 . 9 22.4 20.6 18.0 23.3 20.5 16.2 25.0 20. 1 
1994-2 19.1 22. 8 20.8 19.5 23. 6 21.4 19.5 23.7 21. 4 18.5 25.5 21.5 
1994-3 17.5 20. 9 19.0 17.2 20.6 18.8 
1 Growth rate experiments were conducted in these backwaters 
when assuming that the entire population is behaving this 
way . 
Temperature profiles within backwaters. The amplitude 
of temperature fluctuati ons was greatest at the end of the 
backwater and the smallest near the mouth (Fig. 1a; Table 
2) . Fluctuations were greatest during the earlier part of 
the season (August and early September) . In the shallow 
ends of some backwaters, temperatures varied as much as 15 ' 
C over a 24 -hour period, ranging from 15'-30' C on a few 
days. 
Food availability within backwaters. In 1993, benthic 
invertebrate densities were highest at the mouth and 
decreased toward the end of the backwater (Fig. 5). There 
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Fiq. 5. Mean invertebrate densities (#/m2 ) at three 
locations in two backwaters on the Ouray National Wildlife 
Refuge collected on September 23,1994. Bars represent± 1 
SE. 
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was no backwater block effect in 1993 (F=1.76; d.f . 1; 
P=0.2963) (see Appendix Table 5). The declining gradient of 
invertebrate densities between the mouth and the end of 
Porcupine and Camp backwaters were not statistically 
significant (F=1.66; d.f. 2; ?=0.3761) (see Appendix Table 
5). However, there was a significant difference in 
experimental backwater (Porcupine) during the growth 
experiment , with invertebrate densities higher at the mouth 
(F=7.40; d.f. 2,3; ?=0.0692 REGWQ multiple range test) (see 
Appendix Table 6). Chironomid larvae were the major item 
found in invertebrate samples. The majority of pelagic 
samples contained no invertebrates and were not used in the 
analysis . 
In contrast, the gradient of invertebrate availability 
was reversed in 1994 (Fig. 6). In 1994 , there was a 
backwater block effect (F=26.61; d.f. 1; ?=0.0013) (see 
Appendix Table 5). Invertebrate densities were highest at 
the ends of the backwaters and decreased towards the mouth 
(F=6.90; d.f. 2; ?=0.0221) (see Appendix Table 5). There was 
also a temporal effect on invertebrate densities , with the 
highest densities occurring on September 2 , and declining by 
September 26 (F=6.79; d.f. 1 ; ?=0 . 0351) (see Appendix Table 
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MOUTH MIDDLE END 
LOCATION in BACKWATER 
Fig. 6 Invertebrate d e n s ities at three locations in two 
backwaters (Co rner & Le ota Pump) on the Ouray Wildlife 
Refuge during 1994 . Samples were collected o n September 
2 and 26, 199 4 . Error bars represent ± 1 SE . 
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change in invertebrate densities, with Leota Pump backwater 
having a slight increase (Fig. 6). 
Field cage experiments 
Temperature affects on growth rates within backwaters. 
All growth experiments revealed significant differences in 
instantaneous growth rates among locations in backwaters. 
In 1993, growth rates were highest at the mouth of the 
backwater (low fluctuation) but not significantly different 
from growth rates at the middle (moderate fluctuation). 
However, growth rates at both the mouth and the middle were 
significantly higher (F=5.90 ; d.f. 2,3 ; F=0.0913; REGWQ 
multiple range test) (see Appendix Table 7) than in the end 
of the backwater (high fluctuation) (Fig. 7). Only the 
growth data obtained between September 24 and October 9 were 
analyzed because little or no growth was observed between 
October 9 and November 6, due to cold temperatures. The 
mean temperature increased from the mouth to the end of the 
backwater (Table 3) . 
Testing for a food and temperature trade-off within 
backwaters. Both food and temperature significantly 
affected growth rates (F=9.15; d.f. 1; F=0.023 and F=14 .62; 
d.f. 2; F=0 . 0049, respectively) but there was no interaction 













MOUTH MIDDLE END 
LOCATION in BACKWATER 
Fiq. 7 Instantaneous growth rates from 1993 backwater 
experiments (conducted in Porcupine Backwater) under 
ambient food and temperature conditions. Error bars 
represent ±1 SE. 
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Table 3 The mean daily temperatures and fluctuation (°C) at 
each cage site recorded in experimental backwaters in 1993 
(Porcupine) , 1994 (Corner) , and in t he laboratory at each 
treatment . Data represents temperatures recorded during the 
length of the experiments September 24 , to October 6, in 
1993, August 12 to September 9 , in 1994 (field) and January 
18 to February 15 , 1994 (Laboratory). 
Mouth Middle End 
(Low Flux) (Med Flux) (High Flux) 
Porcupine Mean 15.5 16.1 17.2 
(Fluctuation) (13.1 - 17.9) (12 .9-1 9.3) (12.0-22.4) 
Corner Mean 21.5 21.4 21.0 
(Fluctuation) (19.8-23.3) (18.8-24.1) (16 . 9-25.9) 
Laboratory Mean 22 . 2 22.1 22.9 
(Fluctuation) (21.1-23. 5) (19.0-25.2) (16.5-28 . 6) 
(Fig. 8, see Appendix Table 8). Growth rates were 
significantly greater at the mouth than at the end and 
middle of the backwaters (F=l4.62; d.f. 2; P=0 . 0049 ; REGWQ 
multiple range test). Growth rates at the middle and end of 
the backwater were not significantly different from each 
other . Colorado squawf ish grew faster in food- supplemented 
cages than did fish in control cages (F=9.l5; d.f. 1 ; 
P=0.023). Mean temperature s were nearly the same at all 
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MOUTH MIDDLE END 
LOCATION in BACKWATER 
Fig. 8 Instantaneous growth rates from the 1994 backwater 
experiment (conducted in Corner Backwater) at three levels 
of temperature fluctuation with ambient and food-added 
conditions. Error bars represent ±1 SE. 
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Laboratory experiments 
Fluctuating temperature effects on growth rate. In the 
laboratory, the mean growth rates for Colorado squawfish in 
the highest fluctuating temperatures were higher than (but 
not significantly different from) the mean growth rates of 
Colorado squawfish with no temperature fluctuation. Growth 
rates of Colorado squawfish in both the high and low 
fluctuation temperature treatments were significantly higher 
than growth rates in the moderate fluctuation treatment 
(F=5.67; d.f. 2,6; P=0.0414; REGWQ multiple range test) 
(Fig. 9, see Appendix Table 9). 
Temperature preference experiment . Colorado squawfish 
were not randomly distributed in the tank in either constant 
(x' =738; x 'o .os , 2=5. 991) or fluctuating (x ' =1415; x 'o .os, 2=5. 991) 
temperature treatments. In both treatments, Colorado 
squawfish spent the majority of their time in the deeper 
part of the tank (Fig. 10) . Even though Colorado squawfish 
preferred to spend their time in deep water when 
temperatures were constant, this behavior was slightly 
magnified when temperatures fluctuated in the tank similar 
to the pattern observed in backwaters. Colorado squawfish 
were more likely to disperse during the constant temperature 
treatment, with 82 % of the fish observations in the deeper 
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Fiq. 9 Instantaneous growth rates from laborato ry 
experiments in tanks with low, medium, and high 
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Mouth Middle End 
Location 
Fig. 10 The observed location of Colorado squawfish during 
the temperature preference experiment in an imitation 
backwater in the laboratory. The mouth, middle, and end 
represent low (mean=21.1 ± 2° C), medium (mean=22.0 ±3 ° C) 
and high (mean=22.5 ± 5° C) temperature fluctuation. 
treatment(x2=26 . 67 ; X2o.os. 2=5 . 991). There was no day-night 
difference in the observed location of fish, in either the 
constan t or fluctuating treatment (constant x2=3 . 29 , 
fluctuating X2=2 . 4 6; X2o.os, 2=5. 991) . 
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DISCUSSION 
Apparently it does matter where Colorado squawfish 
spend their time if they want to maximize their growth 
within backwaters , with higher growth rates occurring near 
the mouth of the backwaters . However, it appears that 
Colorado squawfish are not spending time in those areas 
where growth would be maximized. Due to a high degree of 
variability in flows and the number of squawfish produced 
between the two years of this study, it was difficult to 
compare data. 
5 0 
Benthic macroinvertebrate densities that I observed in 
this study were within the range that Wolz and Shiozawa 
(1995) observed in the Green River. The high variability 
between years of the invertebrate densities sampled in 
backwaters could have been attributed to the variation in 
the hydrograph between years. The run- off in 1993 was high 
and the river was turbid all summer. The high flows in 1993 
transported and deposited fine sediments and debris in the 
mouths of the backwaters. The fine sediment deposits 
provided better habitat for chironomid larvae (Wolz & 
Shiozawa, 1995) than did the sand depos i ts that dominated 
the rest of the backwater left behind during peak flows. 
Al so, chironomid l arvae may have been carried in the drift 
51 
and deposited at the mouth of the backwaters and may account 
for the trend that was observed within the backwaters. In 
contrast, 1994 was a low-flow water year and the river was 
clear after spring run-off receded. Therefore, sediment and 
macroinvertebrates were not deposited in the mouths of 
backwaters as much and this may explain why the trend was 
reversed in 1994. However, this tendency was observed in 
1994 and may explain the slight increase in invertebrate 
densities in Corner and Leota Pump backwaters. Overall, 
mean macroinvertebrate densities were higher in 1994 than in 
1993. This is probably attributed to declining invertebrate 
densities over time. In 1994, samples were collected from 
August 19 to September 27, during which time invertebrate 
densities decreased, whereas the samples in 1993 were 
co llected from September 17 to Oct ober 6, whi c h coincided 
with the end of the 1994 sampling. The timing in the 
collection of samples may account for the higher 
macroinvertebrate densities in 1994. Wolz and Shiozawa 
(1995) also observed a decline in invertebrate densities 
over time. 
Colorado squawfish are probably food-limited in this 
system, as shown by higher growth rates of fish in food-
addition cages in 1994. A probable cause of the food 
shortage was competition with the non-native fishes. 
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However, larvae and meta-larvae of non-native fishes (mostly 
red shiners) were a significant part of the diet for 
Colorado squawfish > 30 mm TL, and represented nearly all of 
the diet for squawfish > 40 mm TL. Because sample size for 
the larger size class was so low, I am not certain that this 
represented the entire population. This ontogenetic dietary 
shift likely differs from their historical diet because 
Colorado squawfish historically spawned after all other 
natives spawn, and YOY Colorado squawfish probably would not 
have been large enough to eat the earlier-spawned fish. In 
contrast to this study, Muth and Snyder (1995) did not find 
fish to be an important part of YOY Colorado squawfish 
diets. This difference may be attributed to timing of 
sampling, or a difference in methodology used to collect the 
samples. 
Growth rates for Colorado squawfish at low or no 
temperature fluctuations were significantly higher than, or 
equal to, growth rates attained in the other two temperature 
regimes in every experiment. However , I found the majority 
of the Colorado squawfish at the end of the backwater where 
high temperature fluctuations occurred . There are several 
possible explanations why Colorado squawfish occupy areas 
with lower growth potential than other regions of the 
backwaters: 1) Colorado squawfish could exploit a high-
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density food source; 2) Colorado squawfish may be migrating 
between the mouth and the end of the backwater, tracking 
preferred temperatures; or 3) Colorado squawfish were 
avoiding predation, which was probably most intense at the 
mouth of the backwater. 
In the laboratory, highest growth rate was with the 
highest temperature fluctuation treatment, but growth was 
always significantly lower at the higher temperature 
fluctuation in natural backwaters. Laboratory experiments 
were conducted under a higher temperature fluctuation range 
than was experienced during either year in the field. 
During field experiments in 199 3 and 1994, the mean and mean 
daily temperature fluctuation ranges at the end of the 
backwaters were 17.2" ± 5.2 · C and 21 .0· + 4.9 · and- 4.1 · C, 
respectively (Table 3) . In the laboratory the mean 
temperature was 22.9" C in the high fluctuation treatment and 
mean daily temperature fluctuation range was 16.5-28.6" C. 
In the laboratory growth experiment, Colorado squawfish 
spent more time in the temperature range optimal for growth 
(Jobling, 1995). Another factor that may account for lower 
growth in the field at high temperature fluctuation is a 
need for cover. At the end of backwaters, the water was 
clear, whereas the mouth and middle of the backwater were 
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turbid. Therefore, Colorado squawfish may spend more time 
seeking cover and less time feeding, while fish at the other 
two locations may feel more secure and spend more time 
feeding. 
If Colorado squawfish were focusing on areas of high-
density food in 1993, they should have congregated at the 
mouth of the backwater; however, captures were higher at the 
ends of the backwaters during the summer (early August to 
mid-September) . The 1994 food-addition experiment showed 
that growth could be enhanced by adding food. Therefore, t o 
minimize vulnerability to gape-limited predators and to 
acquire sufficient fat stores to survive winter months, 
Colorado squawfish should seek high-density food sources to 
maximize growth, as long as those food sources are located 
in areas where temperatures maximize growth. This does not 
appear to be the case in these backwaters. As temperatures 
in backwaters decline in the fall, Colorado squawfish seem 
to move to the more stable temperature at the mouth of the 
backwater and main channel (Table 1). 
If the food source is not located in an area that 
provides temperatures for optimal growth, then fish may 
migrate between patches (Diana, 1984; Wurtsbaugh & Neverman, 
1988). Although we were not able to test this directly in 
the field, laboratory studies indicated that Colorado 
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squawfish remained in the deeper and more constant 
temperature regime. The field- growth experiments conducted 
in 1993 and 1994 showed that growth rates were highest at 
the mouth of the backwater. In 1993, this was where the 
highest density of invertebrates was found and migrations 
would not have been needed . 
A possible explanation why Colorado squawfish 
consistently congregated at the end of backwaters is 
predation avoidance (Werner et al., 1983b). If Colorado 
squawfish prefer deeper and more stable temperature 
habitats , they could be excluded from these habitats in two 
possible ways: 1) by encountering a predator and 
necessitating a move to a safe r habitat; or 2) by 
consumpt i on by the predator. Either alternative could 
explain why Colorado squawfish were seldom found in the 
mouths of backwaters where growth potential was greatest. 
It is evident that temperatures in backwaters seldom 
reach the optimum for Colorado squawfish growth. Mean 
temperatures during this study were at most 22 · C and the 
mean high temperature at the end of backwaters ranged 
between 25" and 27 " C. The optimum temperature for Colorado 
squawfish growth is about 25-26" C. I contend that l owe red 
temperatures due to dam effects have reduced growth and thus 
survival for Colorado squawfish . To increase growth rates 
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of Colorado squawfish, water temperatures need to be 
increased. This could be done by releasing warmer water 
from the dams and running a more natural summer hydrograph. 
Reduced flows in the summer would warm the water faster and 
achieve higher mean temperatures. As the river warmed, 
water temperatures in the backwaters would also increase. 
The mean main channel temperatures during this study were 
the same as mean backwater temperatures and are probably 
controlled partially by the temperature of the main channel. 
It is possible that native fish may have a competitive 
advantage over non-natives under a more natural hydrograph. 
In summary , the results showed that the temperature 
regime experienced by Colorado squawfish was an important 
factor in growth. In the field, growth was always higher in 
a more constant temperature regime. It also appeared that 
Colorado squawfish were food-limited in backwaters, possibly 
because of competition with other fish (mostly non-natives). 
Although it was not observed in field experiments, a trade-
off may still exist between food availability and 
temperature fluctuation in some years, depending on macro-
invertebrate densities, which appear to be highly variable 
in backwaters. Further study is warranted to obtain a 
better understanding about possible fish migrations between 
patches. A next step would be to test the ~/g models 
(Werner et al., 1983b; Werner & Gilliam, 1984) to see if 
Colorado squawfish are experiencing a trade-off between 
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APPENDIX 
Table 4 ANOVA table for comparison of Colorado squawfish 
densities at three areas in two backwaters and at three 
sampling times : September 15-16 , September 20 - 21 , and 
October 6- 7 , 1993 . 
Source D . F. Sum of squares Mean square F Prob>F 
Location 
Sept 15-16 0.59 4 0.297 3.63 0.0452 
Sept 20-22 0.053 0.027 1. 36 0 . 2926 
Oct 6-7 0. 576 0.029 29.61 0.0001 
Table 5 ANOVA table compa r ing the invertebrate density 



































0 . 0013 
0 . 0221 
0.0351 
Table 6 ANOVA t able comparing the invertebrate den s ity 
differences at different location within Po r cupine 




D.F . Sum of squares 
33614 1 76 . 7 
Mean square 
16807089 . 3 
F Prob>F 
7. 4 0 0. 0692 
6 6 
Table 7 ANOVA table comparing Colorado squawfish growth 
rates at three areas in a backwater representing three 
temperature regimes 1993. 
Source D. F. Sum of squares Mean square F Prob>F 
Location 2 8 . 05x10~ 4 .02x1o-' 5.90 0.0913 
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Table 8 ANOVA table comparing Colorado squawfish growth 
rates at three areas in a backwater representing three 
temperature regimes and ambient and food added treatments in 
1994. 
Source D. F . Sum of squares Mean square F Prob>F 
Location 2. 25x1o-• 1.13x1o-• 14.62 0.0049 
Treatment 7.05x1o-' 7.05x1o-5 9.15 0.0232 
Location 
X 7.9Bx1o-• 3.99x1o-• 0 . 52 0.6200 
Treatment 
Table 9 ANOVA table comparing Colorado squawfish growth 
rates in the laboratory at three temperature regimes 
representing three areas in a backwater 1993. 
Source D. F. Sum of squares Mean square F Prob>F 
Treatment 5. 92x10 2.96x10 5.67 0.0414 
